Four experiments examined the effect of shared skeletal structure versus content overlap on naming printed nonwords. Experiments 1-2 compared priming among nonwords sharing either skeletal structure and content (e.g., dus-DVS) or structure alone (e.g., pid-BAF) with controls that differed from the target in the number of skeleton slots (e.g., pid-BAF vs. plid-BAF). Conversely, in Experiments 3-4, sameversus different-structure primes contrasted only in the ordering of CV skeletal slots (e.g., fap-DVS vs. ift-DUS). Priming effects were modulated by shared content and skeletal similarity. The sensitivity of skeletal priming to the abstract arrangement of consonants and vowels suggests that skeletal representations assign distinct slots for consonants and vowels. Readers' sensitivity to skeletal structure in nonword identification indicates that assembled phonological representations are constrained by linguistic knowledge.
The role of phonology in skilled reading is the subject of an intense debate. Do readers retrieve a word's meaning directly from its graphemic representation, or is meaning accessed by an intermediate phonological representation, assembled by mapping graphemes to phonemes? The investigation of phonology's role has been guided by some tacit assumptions regarding the nature of phonological representations. Many reading models have implicitly assumed that assembled phonological representations consist of a linear string of phonemes. In accordance, phonology's role could only be assessed by probing for the presence of segmental content. For instance, numerous studies (e.g., Berent, 1997; Lukatela & Turvey, 1990 , 1993 Perfetti & Bell, 1991) have examined whether the priming of a target (e.g., rose) by a word (e.g., rows) or nonword prime (e.g., roze) that fully shares the target's segmental content facilitates its identification relative to control primes that mismatch in segmental content (e.g., rods or roge). However, if assembled phonological representations are structured linguistic entities, then one should be able to assess their presence also by gauging for readers' sensitivity to formal structure. The present research examines the role of phonology in reading nonwords by probing for the effect of shared structure versus content among skilled readers. phonological representations are viewed as multidimensional entities. Each such dimension, or autosegment, is dedicated to the representation of a distinct phonological element, such as featural organization, tone, or metrical structure. These distinct levels of representation are anchored to a skeleton, an abstract sequence of timing units. For example, Figure 1 illustrates this type of representation for the English words bit and beat. Several English dialects contrast these words in terms of vowel length. Autosegmental theory accounts for this contrast by associating the vowel to one skeletal slot in bit versus two skeletal slots in beat (Giegrich, 1992) . If readers assemble phonological representations in reading and if these representations specify the skeleton, then readers may be sensitive to shared skeletal structure. Consequently, a target word (e.g., bit) may be primed by strings sharing its abstract arrangement of timing slots (e.g., POGH) relative to differentstructure controls (e.g., PLOG) despite the lack of similarity in segmental content. Such structural priming effects may provide important insights into the role of phonology in reading.
Our investigation examines the priming of printed nonwords by shared content and structure. Nonwords' pronunciation cannot be retrieved from the lexicon; hence, this information must be obtained productively, by phonology assembly. Speakers' sensitivity to nonwords' skeletal structure thus indicates the specification of the skeleton in assembled representations. The demonstration that assembled phonological representations encode abstract skeletal structure would support their characterization as multidimensional entities whose organization is subject to linguistic constraints. In what follows, we first summarize some linguistic evidence, speech error data, and experimental findings that support the representation of the skeleton. We then turn to describe the current manipulation and its specific goals.
Linguistic Evidence for the Skeleton
The linguistic literature contains numerous observations supporting the representation of the skeleton (for reviews, see Goldsmith, 1990; Kenstowicz, 1994) . We discuss two such examples below. One of the best known pieces of evidence for the skeleton conies from Semitic morphology (for review, see Goldsmith, 1990; Kenstowicz, 1994) . For example, Hebrew words are formed by inserting a root, typically a sequence of three consonants, in a word pattern. The word pattern determines the morphological category of the word and its phonological characteristics. For instance, the verb katab {he wrote, masculine singular past tense in the verbal word pattern binyan kal) is formed by inserting the root lab in the word pattern CVCVC, where C stands for a consonant and V stands for a vowel. The same root may be used to form a noun by inserting it in the CCVC word pattern, resulting in the noun ktib {spelling). In fact, all members of the singular masculine past tense in binyan kal share the CVCVC pattern (e.g., katab, gabar, calal), whereas members of the nominal class exhibit the CCVC pattern (e.g., ktiv, gbir, clil) . Skeletal structure, the arrangement of consonant and vowel placeholders, thus defines morphological classes in Hebrew regardless of the segmental content of specific root members.
Additional support for the skeleton comes from the phenomenon of compensatory lengthening. For instance, consider Luganda, a Bantu language spoken in Uganda (example taken from Goldsmith, 1990, p. 51) . Every noun in Luganda is characterized by a noun class prefix. For instance, the first class of nouns takes the prefix mu for singular nouns (e.g., mu kazi, or woman). When the noun begins with a vowel, the vowel of the mu prefix turns into a glide and the noun initial vowel lengthens (e.g., mu ami-^>mw aami, or chief). The deletion of the vowel from the prefix and the lengthening of the following noun vowel are not independent events. Indeed, the dependency between a process of deletion and lengthening is widely attested to in numerous languages. This dependency is easily explained by the view of both deletion and lengthening as the association of segments with skeletal slots (see Figure 2) . Specifically, the vowel deletion in mu ami reflects the delinking of the IvJ from its V skeleton slot. This delinking leaves an empty slot, which is next filled by the spreading of the vowel /a/.' The association of this single vowel with two skeletal slots results in its lengthening. Vowel lengthening is thus a direct consequence of the reassociation of segments to skeletal slots. Linguistic phenomena such as compensatory lengthening and templatic morphophonology support the representation of the skeleton.
Evidence From Speech Errors
A second source of evidence for the skeleton may be found in speech errors. Such evidence identifies a pattern of speech errors that is specifically due to the abstract arrangement of consonants and vowels in the word, regardless of their content. Consider vowel length. Stemberger (1984) observed that erroneous substitutions of German and Swedish long vowels maintain their length despite the change in segment content (e.g., i:-»y:, as in wi: se-^*wii:se). This dissociation between segment identity and length is readily explicable by the assumption that vowel length is specified by skeletal positions, independent of content. Additional evidence for the skeleton comes from the effect of consonant clusters on addition errors. Stemberger (1990) observed that the rate of erroneously forming a cluster from a singleton increases in the presence of a nearby onset cluster (e.g., prudent people-p reople). Conversely, coda clusters affect errors for a singleton onset: Onset errors are more frequent when the target and context share the same number of coda consonants. A dramatic demonstration of the distinction between abstract consonant and vowel categories may be found in the pattern of speech errors produced by Italian-speaking aphasics (Caramazza, Chialant, Capasso, & Miceli, 2000) . These patients exhibit a double dissociation that selectively impairs the production of either consonant or vowel phonemes, regardless of their phonetic features or word position. Such findings demonstrate that speech errors are constrained by the abstract ordering of consonant and vowel slots.
Evidence From Speech Production Experiments
The existence of a skeleton has been recently supported by the findings of several speech production experiments examining its role in various languages. Sevald, Dell, and Cole (1995) investigated the effect of shared syllable structure in English using a repetition task. Participants were asked to repeat two nonwords that were either matched {kem til-fer, kemp-tilf-ner) or mismatched {kem tilf-ner, kemp til-fer) in the skeletal structure of their first syllable for a period of 4 s. Sevald et al. (1995) found that shared skeletal structure facilitated the repetition. Furthermore, the effect of shared structure was independent of segment overlap: The sharing of both skeletal structure and segmental content did not facilitate performance above the effect of shared structure alone. These results provide strong support for the skeleton.
Additional support for skeletal structure was obtained in an induction task. Participants in these experiments are presented with a picture preceded by a list of printed words (the inductors) whose skeletal similarity to the picture name is manipulated. They are asked to read aloud each of the inductors and name the picture. Costa and Sebastian-Galles (1998) observed that the naming of multisyllabic picture names in Spanish was facilitated by inductors that share the skeletal structure of the target's initial syllable despite the absence of segmental overlap. For instance, the naming of targets with an initial CVC syllable (e.g., pinza) was facilitated by inductors whose initial syllable is a CVC (e.g., cesta, bolso, salto) compared with CV-initial inductors (e.g., cesa, bolo, said).
1 The glide /w/ is attributed to the same delinking process. Specifically, the delinking of the segment /u/ from its vowel slot is followed by its reassociation with the initial consonant slot, resulting in the glide /w/. The formation of the Lugandan word mw aami from its underlying representation. The stem's long vowel results from the delinking of the prefix vowel u from its skeletal tier, followed by the association of that timing slot with the subsequent vowel a. The association of the remaining vowel« with the initial consonant slot surfaces as the glide w (example taken from Goldsmith, 1990, p. 51) .
Similar findings were observed in French by Ferrand and Segui (1998) for both word and nonword inductors that were fully visible. However, no evidence for skeletal priming was obtained when the same pictures were preceded by a masked, briefly presented prime that shared the structure of the target's initial syllable. Evidence for the skeleton was also obtained in Dutch using a translation task. Meijer (1996) asked Dutch participants to provide the translation of an English word followed by a Dutch prime whose skeletal similarity to the translation was manipulated. For instance, the English neck tie (das, in Dutch) was followed by either nok or norf. Meijer (1996) observed decreased translation latency when the prime shared the target's skeletal structure, regardless of the overlap in segmental content. However, an investigation of skeletal effects in Dutch using an implicit priming task counter these findings (Roelofs & Meyer, 1998) . In this task, participants first learned paired associations between two words. In the testing phase, participants were presented with a prime and asked to name its associate, the target. These experiments failed to find any facilitation by shared structure even though targets and primes were highly similar in their content.
Some Open Questions
Several of the experiments reviewed above suggest that the phonological representation of spoken words specifies abstract skeletal structure. However, these findings also raise some unanswered questions.
One problem concerns the task specificity of skeletal priming. Evidence for the skeleton is robust in tasks requiring repeated articulation (e.g., Costa & Sebastian-Galles, 1998, Experiments 3-4; Ferrand & Segui, 1998, Experiment 1; Sevald et al., 1995) . In contrast, when participants are not required to name the prime, skeletal effects are either weak (Costa & Sebastian-Galles, 1998 , Experiments 1-2) or absent altogether (Ferrand & Segui, 1998, Experiment 2; Roelofs & Meyer, 1998) . Thus, the effect of skeletal priming may reside in the construction of an articulatory program rather than in phonological encoding per se. Furthermore, Schiller (2000) has recently reported numerous failures to replicate syllabic priming in English. In his experiments, printed disyllabic words or their corresponding pictures were preceded by a masked prime that shared or mismatched the structure and content of the target's initial syllable (e.g., pen-pencil). Previous research using this procedure (Ferrand, Segui, & Humphreys, 1997) reported facilitation by primes that shared the target's initial syllable regardless of their content overlap. In particular, target naming was obtained even when the same-syllable prime (e.g., re-remorse) shared fewer of the target's segments than did its control (e.g., remremorse). In contrast, priming in Schiller's (2000) experiments was only sensitive to the amount of content overlap between the target and prime. No evidence for structural priming was obtained when structural similarity resulted in a decrease in segmental overlap. These findings challenge the view that phonological encoding entails the construction of skeletal structure. Such results minimally suggest that in the absence of a significant articulatory component, priming is highly sensitive to content overlap.
A second limitation of the existing evidence for the skeleton stems from its confinement to multisyllabic words. The only study to reveal skeletal priming for monosyllabic words was Experiment 1 by Meijer (1996) . All other experiments examined priming for multisyllabic words. For such stimuli, a prime sharing the target's skeleton invariably also shared the target's syllable structure. The benefit from skeletal priming may thus partly stem from its assistance in parsing the word into its syllabic constituents, not necessarily from the construction of the syllable-internal skeletal organization (Caramazza et al., 2000; Roelofs & Meyer, 1998) .
Finally, not only is the existence of a skeleton questioned by experimental results, but its structure, if it exists, is far from understood. The linguistic literature offers strong support for a skeletal structure. However, there is some disagreement with regard to its internal organization. Some evidence specifically supports a distinction between skeletal slots as carriers of either consonants or vowels (CV skeleton). The evidence from Semitic morphophonology, where word templates differ in the arrangement of consonants and vowels, is a strong case in point. Conversely, other observations support a generic specification of the number of skeletal slots, irrespective of their characterization as consonant or vowel placeholders (X skeleton). For instance, English requires a minimum of two skeletal slots in the rhyme. These slots, however, may correspond to either a long vowel (VV, e.g., sea) or a short vowel followed by a consonant (VC, e.g., sit). This observation seems to be captured best by a generic representation of X slots (but see Hammond, 1999 , for an alternative moraic account for this phenomenon). The experimental results from normal speakers cannot discriminate between the CV-slot and X-slot accounts for the skeleton (but see Caramazza et al., 2000, for strong evidence for a CV skeleton among aphasics). Existing research compared stimuli that either shared or did not share the number of skeleton slots. Same-structure stimuli were invariably matched on both the number of X slots and their C V arrangement, whereas different-structure stimuli disagreed on both the number of skeleton slots as well as their CV arrangement. Hence, these priming effects may be due either to the sharing of the number of X slots or, specifically, to their CV arrangement.
The present research examines the effect of shared structure versus content on the priming of visually presented nonwords. In the following experiments, participants were presented with a nonword prime followed by a nonword target. Participants in Experiments 1-3 were asked to name the target as quickly and as accurately as they could and then report the prime. Experiment 4 required no explicit response to the prime. The design of our experiments addresses some of the questions raised by previous research concerning the specificity of structural priming with regard to task demands and stimulus structure, its sensitivity to content overlap and the nature of skeletal representations.
Consider first the problem of task specificity. Although the task used in Experiments 1-3 required the pronunciation of both targets and primes, it entailed no overt repetition. Hence, the articulatory component was minimized relative to tasks used previously in skeletal research. Further reduction in articulatory demands was achieved in Experiment 4, in which only the target was pronounced. Our experiments also address the potential limitations of the stimulus materials that demonstrated skeletal priming: Existing evidence for skeletal priming was mostly observed when multisyllabic targets were primed by their initial syllable. In contrast, the prime and targets used in our experiments were all monosyllabic words. Consequently, any effect of priming cannot be due to syllabic parsing. Finally, our experiments systematically assessed the effects of both the number of shared X slots and their specific CV content. Experiments 1 and 2 examined speakers' sensitivity to the number of skeletal slots by comparing primes that match or mismatch the number of skeletal slots in the target. In Experiment 1 same-skeleton primes shared the target's structure and content (e.g., dus-DUS vs. drus-DUS 2 ), whereas in Experiment 2, these primes shared only the target's structure (e.g., pid-BAF vs. plid-BAF). Such priming effects, however, may be due either to a mismatch in the number of skeletal slots or to their CV structure. Experiments 3-4 specifically probed for speakers' sensitivity to CV skeletal structure by examining skeletal priming among targets and primes that match in the number of skeletal slots but differ in their CV ordering (e.g., fap-DUS vs. ift-DUS).
Our investigation systematically assesses the effect of shared structure versus content on priming novel printed words. If participants are sensitive solely to the amount of shared content between targets and primes, then priming effects should be fully predictable on that basis. Note that our design does not attempt to pinpoint the source of shared content effects. Because consonants and vowels in our materials are represented by a single letter, the increase in content overlap entails an increase in the similarity between target and prime on both the orthographic and the phonological dimensions. The nature of the representations mediating priming effects can be better gauged by examining structural priming. If participants encode the phonological structure of the target and prime and if this representation further specifies their skeletal structure, then priming effects may be modulated by structural similarity. Specifically, if skeletal representations encode the number of slots shared between the target and prime, then same-structure primes should differentially affect target processing relative to different-structure primes regardless of content overlap. If skeletal representations further distinguish between consonant and vowel slots, then priming effects may be constrained by the specific ordering of CV slots even when the number of X slots is controlled for.
Experiment 1
Experiment 1 examines the effect of shared structure and content by comparing primes that match their respective targets in both the number of skeletal slots and their content with primes that mismatch target structure in one skeletal slot (see Table 1 ). Thus, same-structure primes are identical to their targets. To assure that these priming effects are due to the relationship between the target and prime rather than to differences in the global length of primetarget combinations, we assessed identity priming across two types of nonword pairs. In one pair, identity priming always resulted in a greater number of segments than in the control condition (e.g., braf-BRAF vs. baf-BRAF). In the second, matched pair, the control condition always contained more segments than did the identity condition (e.g., baf-BAF vs. braf-BAF). Thus, across the four combinations of target and prime, the identity and control conditions were matched for length. Any facilitation by the identity prime must reflect its relationship to the target.
Our experiment explores the source of identity priming. Specifically, the advantage of identity primes relative to controls may be due to their sharing of either segments or skeletal structure with the target. An advantage of shared skeletal structure may further reflect either the match on the global number of skeletal slots, X structure, or their CV arrangement. To distinguish between these accounts, Experiment 1 compares the magnitude of priming effects for two types of targets: CCVC and CVCC. These targets are matched for the number of skeletal slots but differ in their CV arrangement. If priming effects are solely due to segmental overlap, then their magnitude should be similar for these two types of targets. Likewise, if these priming effects are due to the number of X slots, then they should not differ for these targets. Conversely, if skeletal representations assign distinct timing slots for consonants and vowels, then priming effects may be modulated by target structure.
Method
Participants. Eleven Florida Atlantic University students participated in the experiment in partial fulfillment of a course requirement. They were all native English speakers with normal or corrected vision.
Materials. The materials included a total of 120 targets paired with either an identity or a nonidentity prime (see Appendix A). Targets and primes were all orthographically and phonologically legal nonwords. Identity primes fully matched the target in the number of segments and their arrangement, whereas nonidentity primes differed from the targets in only one segment. In this and all subsequent experiments the number of segments in a nonword was identical to the number of graphemes and letters. To control for the total length of target-prime combinations, target-prime pairs were arranged in 60 quartets. Half of the quartets are referred to as the CCVC quartets, and the other half are termed CVCC quartets. CCVC quartets were formed from a pair of CVC and CCVC nonwords that matched in all but a single consonant, corresponding to the second onset position in the CCVC nonword. These nonword pairs were presented in four combinations: CCVC-CCVC, CVC-CCVC, CVC-CVC, and CVCC-CVC. Thus, each member of the pair served as both target and prime. Likewise, the CVCC quartets were formed from a pair of CVCC and CVC nonwords, matched in all but one segment corresponding to the first coda position in the CVCC words. These pairs of nonwords were arranged in four combinations: CVCC-CVCC, CVC-CVCC, CVC-CVC, and CVCC-CVC. Within each combination of target and prime, the last coda consonant in the prime and the first onset consonant in the target were selected such that their combination formed an illegal tautosyllabic cluster. This constraint was imposed to maximize the discreteness of target and prime as independent words.
Each participant was presented with all 240 target-prime combinations. To minimize the effects of target repetition, we arranged the stimuli in two lists, such that each target appeared only once per list and each list included the same number of Prime X Target combinations. Each participant was presented with the two randomized lists, and list order was counterbalanced across participants.
To familiarize the participants with the experimental task, we presented them with a short warm up prior to the experimental session. The warm up consisted of 20 nonword targets. Eight targets were preceded by identity primes, and 12 targets were preceded by nonidentity controls. None of the targets and primes used in the warm up appeared in the experimental list.
Procedure. Participants were seated in front of a personal computer and initiated each trial by pressing the space bar on the computer keyboard. They were then presented with a fixation point, centered in the monitor display and lasting for 495 ms. The fixation point was immediately replaced by a prime, presented for 195 ms, which, in turn, was replaced by the target, presented for 450 ms. The prime was presented in lower case, whereas the target was presented in upper case. Participants were required to name the target as quickly and as accurately as they could and then report the prime. Their responses were coded for accuracy by the experimenter, who sat near the participant and entered the accuracy response into the computer. Slow responses to the target (responses slower than 1000 ms) and inaccurate responses to targets and primes triggered a warning signal from the computer in the form of a short beep and a written message. Participants were tested individually.
Results
1% of the total correct responses was lost because of microphone failures. To eliminate the effects of outliers, we excluded slow responses falling 2.5 standard deviations above or below the grand mean from the latency analyses. This procedure resulted in the exclusion of 2% of the total correct responses. Our data provide three dependent measures for priming effects: response latency in correct target naming, response accuracy in target naming, and response accuracy in prime identification. For each of these three dependent measures, the effect of prime and target structure was assessed using a three-way analysis of variance (ANOVA), 2 Quartet Type (CCVC/CVC vs. CVCC/CVC quartets) X 2 Target Length (4 vs. 3 phoneme targets) X 2 Prime (identity vs. nonidentity), by participants and items.
3 In this and all subsequent analyses we adopted .05 as the level of statistical significance. Target naming latency and accuracy and prime identification accuracy as a function of target and prime type are provided in Figure 3 . The analyses on each of the three dependent measures revealed significant priming effects. The main effect of prime type was significant in target naming latency, F s (l, 10) = 28.60, MSE = 2,867.74; F^l, 58) = 224.78, MSE = 957.43, target naming accuracy, F s (l, 10) = 20.82, MSE = 0.001; F;(l, 58) = 17.38, MSE = 0.004, and prime identification accuracy, F s (l, 10) = 13.00, MSE = 0.013; Fj(l, 58) = 67.39, MSE = 0.007.
Note. Target is indicated in uppercase; prime is indicated in lowercase.
Identity priming speeded target naming and improved identification accuracy of both targets and primes. The effect of priming, however, was modulated by target length. The Prime X Length interaction was significant in the analysis of target naming latency, F s (l, 10) = 23.96, MSE = 821.87; F^l, 58) = 60.93, MSE = 732.46, target accuracy, F s (l, 10) = 15.47, MSE = 0.001; F;(l, 58) = 8.33, MSE = 0.003, and prime accuracy, F s (l, 10) = 5.83, MSE = 0.005; F;(l, 58) = 8.85, MSE = 0.009. These interactions indicated that the effect of identity priming was larger for our three phoneme (CVC) targets compared with our four phoneme targets (CCVC or CVCC). Of importance, this effect was further modulated by quartet structure, resulting in a significant three-way interaction in the analysis of naming latency, F s (l, 10) = 9.02, MSE = 148.72; F;(l, 58) = 4.94, MSE = 732.46.
To investigate this interaction, we next compared the effect of priming on naming latency for our two types of four phoneme targets (CCVC vs. CVCC). Recall that the CCVC and CVCC targets were each matched to CVC controls. To rule out the possibility that the omnibus three way interaction was due to spurious differences between these two types of CVC controls, we first subjected them to a separate analysis. The two-way ANOVA examining the effect of control type (controls matched to CCVC targets vs. controls matched to CVCC targets) and prime (identity vs. nonidentity) yielded a significant priming effect, F s (l, 10) = 41.64, MSE = 2,186.60; Fj(l, 58) = 259.80, MSE = 877.34, and no interaction of Prime X Control Type, F s (l, 10) < 1, MSE = 345.42; Fj(l, 58) = 1.04, MSE = 877.64. Given that the modulation of priming by quartet type was not due to the CVC controls, we next turned to compare the effect of identity priming for CCVC versus CVCC targets. The two-way ANOVA (2 Target X 2 Prime) revealed a significant effect of prime, F s (l, 10) = 7.10, MSE = 1,503.01; F^l, 58) = 39.28, MSE = 812.56. The interaction of Prime Type X Target Structure was significant across participants, F s (l, 10) = 9.91, MSE = 124.46; F ( (l, 58) = 3.71, MSE = 812.56, p = .06. Simple effects analyses indicated that the effect of identity priming was significant for CCVC targets, F s (l, 10) = 15.06, MSE = 636.00; F ; (l, 58) = 33.57, MSE = 812.56, but only marginally so for CVCC targets, F s (l, 10) = 2.343, MSE = 991.47, p = .16; F ; (l, 58) = 9.42, MSE = 812.56. Identity priming was thus sensitive to the arrangement of abstract CV slots in the target.
Discussion
Experiment 1 examined the effect of shared structure and contents on priming effects. As expected, the priming of a target by a nonword sharing its structure and content facilitated the identification of both the target and the prime. Priming effects were further modulated by target length, resulting in larger priming effects for CVC targets compared with either CVCC or CCVC targets. The modulation of priming effects by target structure is compatible with the representation of skeletal structure. Alternatively, however, these effects may simply reflect the degree of content overlap between targets and primes. The larger identity priming for CVC targets may stem from the fact that prime-target combinations are shorter for CVC targets (6 segments) than for either their CVCC or CCVC counterparts (8 segments). To assess the unique contribution of skeletal structure, we thus compared performance with CCVC and CVCC targets. These targets are matched for their length, as are their control primes (CVC primes), which contain three segments each. These targets are thus equated for the total number of segments required in processing the identity versus nonidentity conditions. Despite their equation for length, CCVC and CVCC targets were differentially affected by the priming manipulation. CCVC syllables incurred greater benefits from identity priming than CVCC syllables. Such differences in the magnitude of identity priming must be due to the effect of skeletal structure. Furthermore, because these targets are matched for the total number of X slots, the difference must specifically indicate the encoding of CV structure.
Our findings thus suggest that identity priming is sensitive to the arrangement of abstract consonant and vowel slots in printed words. Targets whose skeleton includes an initial cluster benefit from identity priming more than targets with a final cluster. The greater facilitation for CCVC syllables may reflect their internal well-formedness. Specifically, identity priming presents participants with a string of consonants and vowels (either CCVCCCVC or CVCCCVCC) that must be syllabified. Segmental identity may strongly bias toward parsing these strings as reduplicates of the base syllable, either CCVC or CVCC. These two parses reflect distinct strategies of syllabification: CCVC syllables maximize the number of onset consonants, whereas CVCC parses maximize the number of coda consonants. English tends to maximize onsets over codas (e.g., Kenstowicz, 1994) , and speakers also exhibit this preference in the performance of an on-line speech production task (Sevald et al., 1995) . Thus, the greater magnitude of identity priming for CCVC targets may reflect their optimality over CVCC structure. Regardless of its precise linguistic source, the distinction between CCVC and CVCC targets provides evidence for the representation of skeletal structure. To our knowledge, these results are the first to indicate that identity priming is not entirely due to shared content. Participants seem to encode the abstract arrangement of consonants and vowels in the skeleton of novel printed words, and this structure constrains target identification.
Experiment 2
The findings of Experiment 1 demonstrate that participants are sensitive to skeletal structure when targets and primes are highly similar in their segmental content. Experiment 2 extends this investigation to nonwords that are phonologically dissimilar. Following the design of Experiment 1, participants were presented with target-prime combinations including either CCVC-CVC nonwords (the CCVC quartets) or CVCC-CVC nonwords (the CVCC quartets; see Table 2 ). Each quartet controls for the length of the target-prime combination. Thus, a distinction between the effect of same-structure versus different-structure controls across the four quartet members must be due to their relationship to the target rather than merely the total number of segments. If participants are sensitive to skeletal structure, then same-structure primes should differ from their controls in their effect on target processing. We were also interested in the comparison of structural priming effects for CCVC and CVCC targets. These targets are matched for the number of skeletal slots but differ in their CV arrangement. A distinction between the magnitude of structural priming between CCVC and CVCC targets would indicate that skeletal representations designate different slots for consonants and vowels.
Method
Participants. Nineteen Florida Atlantic University students participated in the experiment in partial fulfillment of a course requirement. They were all native English speakers with normal or corrected vision.
Materials. The materials included 120 nonword targets paired with nonword primes that were either matched or mismatched in their skeletal structure (see Appendix B). Primes did not share any of their target's letters or phonemes. Targets and primes were all phonologically and orthographically legal. As in Experiment 1, targets and primes were arranged in 60 quartets, half of them including CCVC targets and half including CVCC targets. The CCVC quartets were formed from two pairs of CCVC and CVC nonwords presented in the following four combinations: CVC-CCVC, CCVC-CCVC, CVC-CVC, and CCVC-CVC. Likewise, the CVCC quartets included CVCC and CVC nonwords presented in the following four combinations: CVC-CVCC, CVCC-CVCC, CVC-CVC, and CVCC-CVC. Thus, each target was primed by either a same-structure or a different-structure prime, and each prime was paired with both a same-structure and a different-structure target. To maximize the discreteness of target and prime as separate words, the target and prime within each pair were constructed such that the prime's last consonant and the target's initial consonant formed an illegal tautosyllabic cluster. Each participant was presented with all target-prime combinations. To minimize the effect of repetition, the materials were arranged in separate lists as described in Experiment 1.
Prior to the experimental session, participants were presented with a short warm up consisting of 25 nonword targets. Fourteen of these targets were primed by nonwords sharing their structure, and 11 targets were primed by different-structure controls. The warm-up targets or primes did not overlap with the experimental materials. The procedure was identical to that used in Experiment 1.
Results
To eliminate the effect of outliers, we excluded responses falling beyond 2.5 standard deviations from the grand mean from the response latency analyses, resulting in the removal of 4% of the total correct responses. The effect of the prime on target identification latency, target identification accuracy, and prime identification accuracy was evaluated by means of a three-way ANOVA: 2 Quartet Type (CCVC/CVC vs. CVCC/CVC) X 2 Length (four-vs. three-phoneme targets) X 2 Prime (same vs. different skeleton prime). Figure 4 provides target response latency, target accuracy, and prime identification accuracy as a function of target structure and the priming manipulation.
Our analyses revealed main effects of length on target response latency, 
Discussion
The findings of Experiment 2 reveal a marked contrast in the effect of structural priming on the identification of CVC and CCVC/CVCC targets. CVC targets show increased priming by nonwords that share their structure even though the content of the prime does not overlap with the target. The CVC prime itself is also identified more accurately when it acts as a same-structure prime. These findings agree with and extend the results of Experiment 1: Shared structure facilitates the identification of CVC targets regardless of whether the content of the prime and target overlap. In contrast, for targets containing a cluster (CCVC/ CVCC), the effect of structural priming depends on the presence of content overlap: When target and prime share both structure and content (Experiment 1), structural priming results in facilitation. In contrast, priming by structure alone (Experiment 2) interferes with both target and prime identification. These findings raise two questions. First, why does the effect of shared structure without content overlap differ for CVC targets and targets including a cluster? Second, why does the effect of same-structure primes on targets including a cluster change so dramatically depending on content overlap between target and prime?
Both questions may be addressed by considering in greater detail the content overlap between the target and prime. The presentation of a prime that shares only the target's structure introduces extraneous segments that may interfere with target identification. The extent of this interference may depend on the number of incorrect segments. For CVC targets, same-structure primes are shorter than either CVCC or CCVC controls, hence they introduce fewer interfering segments and graphemes. The facilitatory effect of same-structure primes for CVC targets may thus reflect reduction in content interference. Conversely, for targets that include a cluster, the same-structure prime invariably introduces more interfering segments than does the shorter CVC control, hence, "structural" priming hinders target identification. The reversal of the direction of structural priming for CCVC and CVCC targets from facilitatory (in Experiment 1) to inhibitory (in Experiment 2) follows from the same assumptions. A prime sharing both structure and content with the target introduces more correct segmental material (and no incorrect material) compared with the control prime (e.g., braf-BRAF vs. baf-BRAF). In contrast, priming by structure alone does introduce incorrect segmental material (e.g., plid-BRAF vs. pid-BRAF). Consequently, CCVC and CVCC targets are facilitated by primes that share their structure and content but are inhibited by primes that share structure alone.
The content overlap hypothesis seems to account well for the findings of Experiment 2. Indeed, this experiment yields no evidence that unequivocally reflects the effect of structural priming alone. Specifically, the magnitude of priming effects did not differ when the number of segments in targets and prime was controlled, for CCVC versus CVCC targets. This finding stands in contrast to the modulation of identity priming effects by the location of the cluster in Experiment 1. The absence of evidence for structural priming in the present experiment may suggest that the encoding of structure is limited to circumstances where segmental overlap is high. Conversely, the effects of shared structure may be masked by the large effects of content mismatch created by the discrepancy between the length of same-structure primes and their controls. To address these issues, Experiment 3 seeks evidence for the representation of skeletal structure by comparing primes that are matched for length but differ in the arrangement of CV slots.
Experiment 3
Experiment 3 examines skeletal priming for two pairs of targets: CCVC-CVCC and CVC-VCC. These pairs are matched for the number of their X slots, but differ in their CV arrangement. Targets and primes share no segmental content (see Table 3 ). If the priming effects observed in the previous experiments are solely due to content mismatch or to a discrepancy in the number of skeletal slots in the target and prime, then the identification of these targets should be unaffected by the priming manipulation. In contrast, if participants encode the skeletal structure of targets in terms of CV slots, then these primes may affect target identification despite their equation for skeletal length and the absence of content overlap.
Method
Materials. The materials included nonword targets primed by either a same-structure prime or a different-structure prime (see Appendix C). The same-structure prime matched the target's CV structure, whereas the different-structure prime did not match the target's CV arrangement. Targets and primes shared none of their phonemes or graphemes and were equated for length in terms of the number of letters, phonemes, and skeletal slots. Targets and primes were all phonologically and orthographically Half of the targets and primes consisted of CCVC and CVCC nonwords arranged in four combinations: CCVC-CCVC, CVCC-CCVC, CVCC-CVCC, and CCVC-CVCC. Thus, each nonword appeared both as a target and as a prime. The other half of the materials included combinations of CVC and VCC targets, arranged as CVC-CVC, VCC-CVC, VCC-VCC, and CVC-VCC. To maximize the discreteness of targets and primes as separate words, we constructed each pair such that the prime's last consonant and the target's initial consonant formed an illegal tautosyllabic cluster. Each participant was presented with all targets and primes arranged in two counterbalanced lists, as described in Experiment 1.
Prior to the experimental session, participants were presented with a short warm up including the targets and primes used in the warm-up session of Experiment 2 . None of these targets and primes overlapped with the experimental materials. The procedure was identical to that used in Experiment 1.
Results
Fewer than 1% of the total correct responses were lost due to microphone failures. Correct responses falling 2.5 SD beyond the grand mean (4% of the total correct observations) were treated as outliers and excluded from the latency analysis. In view of the strong effect of length on skeletal priming observed in Experiment 2, we assessed priming effects for long (CCVC-CVCC) and short (CVC-VCC) targets by means of separate two-way ANOVAs (2 Structure X 2 Prime). Table 4 lists response latency and accuracy as functions of the priming manipulation for CCVC and CVCC targets. The ANOVAs conducted on each of the three dependent measures revealed no significant effects of target structure, prime, or their interaction.
CCVC-CVCC targets.
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CVC-VCC targets. Figure 5 plots response latency and accuracy as a function of the priming manipulation for CVC and VCC targets. The analysis of target naming latency for CVC-VCC revealed no significant effects (all ps > .16). However, evidence for structural priming was observed in both target and prime identification accuracy. The ANOVA on prime identification ac- The only effect to reach significance was the effect of target type in the analysis on target naming accuracy, fs(l, 10) = 6.296, MSE = 0.005; F;(l, 29) = 3.86, MSE = 0.020, p = .06, indicating a higher identification accuracy for CCVC targets compared with CVCC targets. The analysis of prime identification accuracy also yielded a marginally significant interaction of Prime X Target, Fs(l, 10) = 2.10, MSE = 0.024,/) = .18; F,(l, 29)=3.87, MSE = 0.035, p=.06. Simple effects suggested that the samestructure prime resulted in a marginal decrease in its identification followed by CCVC targets, Fs(l, 10)=1.70, MSE = 0.015, p = .221; ^(1, 29) = 4.10, MSE = 0.017, p = .05. In contrast, same-structure primes resulted in numerically higher identification in the presence of CVCC targets, Fs(l, 10) = 1.95, MSE = 0.013, p = .19; F t (l, 29) = 2.23, MSE = 0.030, p = .15. Put differently, CCVC primes are identified less accurately regardless of the target's structure. identification accuracy, F s (l, 10) = 4.92, MSE = 0.001, p = .05; Fj(l, 29) = 2.81, MSE = 0.012, p = .10. In addition, both analyses indicated a sensitivity to target structure. CVC targets were identified significantly more accurately than VCC targets, F s (l, 10) = 3.76, MSE = 0.003; F;(l, 29) = 3.84, MSE = 0.007, p = .06. Similarly, prime identification was higher in the presence of CVC targets, F s (l, 10) = 7.83, MSE = 0.008; F;(l, 29) = 12.12, MSE = 0.014.
Discussion
The results of Experiment 2 indicate that the priming of CCVC and CVCC targets by a same-structure prime inhibits their identification. However, same-structure primes contained more segments than their controls. Such priming effects could thus have arisen from a mismatch in length, reflecting the effects of content rather than structural overlap. Experiment 3 was designed to counter these accounts by comparing priming effects while controlling for the total number of segments in the target and prime. If priming were solely due to length, then no priming effects should have been observed in this experiment. The findings with the CCVC-CVCC targets seem to support this conclusion, as these targets were unaffected by the structural relationship between target and prime. In contrast, evidence for structural priming did emerge for CVC-VCC targets. These effects, however, were inhibitory in nature. The priming of a target by a same-structure prime hindered the identification of the prime. A similar trend also emerged in the accuracy of target identification. These results raise two questions: First, why are structural priming effects inhibitory?; Second, if CV skeleta are encoded, then why are priming effects absent for CCVC-CVCC targets?
We consider two explanations for inhibitory effects of skeletal priming. One account attributes the inhibition to source confusion. Our participants were presented with two visual events that were displayed in close temporal proximity and were highly similar perceptually. They were asked to discriminate between these two events and to reproduce them in reversed order: first target and then prime. To perform this task, participants must encode the content of these perceptual events and monitor their source, that is, they must determine whether the encoded content correspond to the first or second perceptual event. Similarity between memory events is known to impair source monitoring (e.g., Kahan, 1996; Lindsay, 1993; Neisser, 1981) . The structural similarity between the target and prime may thus result in their confusability: Participants may retain the shared structural frame but experience difficulties in tracing its source. Note, however, that source confusion should have resulted in frequent errors that switch the target and the prime. An inspection of participants' errors does not support this explanation.
On a second account, skeletal priming inhibition may reflect the dynamics of lexical activation. Some accounts of speech production postulate the storage of word frames encoding CV structure in the lexicon (e.g., Dell, 1988; Stemberger, 1984; . Although the stimuli used in our experiments were all nonwords, which lack a lexical representation of their own, their identification may nevertheless activate a stored frame through their similar word neighbors. For instance, the nonword prime pid may activate a CVC frame shared by the words pin or pad. The same frame may also be activated for a nonword target (e.g., fuf) through its lexical neighbors (e.g., fun or fat). If the partial activation of the common CVC frame by the prime results in a temporary increase in its threshold, then targets sharing the prime's CV frame may be more difficult to activate relative to different CV structure control. Alternatively, the inhibitory priming effects we observe may reflect an internal competition among specific lexical tokens. Words sharing a frame may form a phonological neighborhood. The partial preactivation of these neighbors by the prime may result in their mutual inhibition, impairing their subsequent activation by the same CV target. Neighborhood competition is indeed known to result in inhibitory priming effects among orthographic (e.g., Colombo, 1986; Segui & Grainger, 1990 ) and phonetically similar (Goldinger, Luce, & Pisoni, 1989; Luce, Goldinger, Auer, & Vitevitch, 2000) targets and primes. Although these earlier proposals did not address skeletal priming in general, or nonword skeletal priming in particular, it is conceivable that they could be extended to accommodate our findings. Thus, inhibitory effects of skeletal priming observed in this experiment may reflect difficulties in source monitoring or lexical activation of either abstract structural frames or specific word neighbors.
Less clear, however, is why structural priming effects are absent for CCVC-CVCC targets. One possibility is that the failure to detect priming effects reflects some insensitivity of our experimental task. A second account attributes the absence of phonological priming for these prime-target combinations to difficulties in the phonological encoding of multiple clusters. Our task requires the encoding of the target and prime in working memory. To reduce working memory load, participants may apply chunking: They may combine the prime and target into a single perceptual event and then segregate it into its components. The success of this chunking strategy may depend on the phonological wellformedness of the prime-target combination. Disyllabic monomorphemic English words typically do not contain more than a single tautomorphemic consonant cluster. Forms such as CCVC-CVCC or CVCC-CCVC are thus quite rare in English. Furthermore, word internal structure is typically subject to strong phonological constraints (Hammond, 1999) , constraints that were intentionally violated in our materials to facilitate the segregation of the target and prime into distinct words. The absence of priming effects for CCVC-CVCC targets may thus stem from difficulties in representing their combination.
Our hypothesis that the null priming effects with CCVC/CVCC targets result from difficulties in the representation of multiple clusters receives some support from an analysis of the errors produced in our experiment. 5 An analysis of participants' errors revealed a total of 132 errors for CCVC/CVCC targets that are solely due to the distortion of the skeletal structure of the target or prime. Eighty-two of these errors resulted in the simplification of clusters into singletons. These errors appear to be equally distributed across prime-target combinations. In contrast, only 50 pure cases of skeletal errors were observed for CVC/VCC targets. As with the CCVC/CVCC targets, the majority of these errors (38 errors) reflected a simplification of VCC into VC syllables. The lower rate of skeletal errors for CVC/VCC targets is not simply due to their shorter length. Indeed, when errors involving solely content are considered, CVC/VCC targets appear to produce more errors than the CCVC/CVCC targets (98 errors for CVC/VCC targets vs. 61 errors for CCVC/CVCC targets). These data agree with the claim that the presence of multiple clusters impairs encoding the skeletal structure of the target and prime, resulting in null priming effects for such targets.
The source of null priming effects for words with multiple clusters requires further research. In contrast, our findings with CVC and VCC targets reveal structural priming. The emergence of priming effects despite the control for skeletal length suggests that participants encode the abstract ordering of CV skeletal slots. The observation of significant priming effects for CVC-VCC targets and the sensitivity to target structure suggest that participants encode the arrangement of CV slots in the skeleton.
Experiment 4
The results of Experiment 3 provide initial evidence for the assignment of distinct slots for consonants and vowels in the skeleton. These findings, however, were limited to the accuracy data. Furthermore, these results were obtained in a task that has some significant memory and articulatory components. Participants were asked to report both the prime and the target and articulate them in reversed order, producing first the target and then the prime. The encoding of skeletal structure may thus reflect its role in working memory or at an articulatory stage rather than, specifically, during the earlier stage of phonology assembly. Experiment 4 is designed to replicate the effects of skeletal priming and explore their source. To this end, we performed a simple change to the experimental task used in our previous studies. Participants were presented with the same primes and targets used in Experiment 3. Their task was to name the target as quickly and as accurately as they could. They were instructed to attend to the prime but were not required to overtly name it or report it in any other form. If phonology assembly entails the representation of the skeleton, then evidence for the skeleton may persist despite the reduction in memory and articulatory demands.
Method
Participants. Eighteen Florida Atlantic University students participated in the experiment in partial fulfillment of a course requirement. They were all native English speakers with normal or corrected vision. The data of three additional participants were excluded because of their inability to identify the target correctly in over 20% of the trials.
Materials. The materials were the same nonword targets and primes used in Experiment 3.
Procedure. The procedure was identical to the one used in Experiment 3 with the only exception that participants were not required to overtly report the prime. They were advised to silently subvocalize the first word until the second word appeared. However, given the brief interval between the prime and target (195 ms) , it is unlikely that participants could have carried out the sub vocalization. Indeed, the purpose of this instruction was to ensure attention to the prime rather than to elicit its articulation.
Results
Approximately 1% of the total correct responses were lost due to microphone failures. Correct responses falling 2.5 standard deviations beyond the grand mean (3% of the total correct observations) were treated as outliers and excluded from the latency analysis. The effect of priming was assessed by means of two-way ANOVAs conducted separately on the CCVC-CVCC and the CVC-VCC targets.
CCVC-CVCC targets. Table 5 lists response latency and accuracy as functions of the priming manipulation for CCVC and CVCC targets. The ANOVAs on response latency and accuracy did not reveal any significant effects (all ps > .1) CVC-VCC targets. Figure 6 plots response latency and accuracy as functions of the priming manipulation for CVC and VCC targets. The ANOVA on target naming latency revealed a significant main effect of prime type, F(l, 17) = 9.37, MSE = 125.52; F(l, 29) = 6.24, MSE = 383.91, p = .02. Primes sharing the target's CV-skeletal structure resulted in significantly slower naming latency compared with targets that mismatched with the target's CV structure but shared the same number of skeletal slots. Target identification accuracy was high (X = 98%) and was not significantly modulated by target or prime properties (all ps > A).
Discussion
Experiment 4 replicated the findings of Experiment 3 using a task that minimizes the memory and articulatory demands for the prime. In accord with the findings of Experiment 3, there was no evidence for skeletal priming for CCVC/CVCC targets. The persistent and selective failures of CCVC/CVCC targets to exhibit skeletal priming agree with our hypothesis that such null effects may be due, at least partly, to difficulties in the representation of multiple clusters. In contrast, CVC-VCC targets manifested strong skeletal priming. As in Experiment 3, however, skeletal priming effects were inhibitory in nature: When the prime shared the target's CV skeletal structure, the target naming latency increased relative to control primes sharing the number but not the order of skeletal slots. Our discussion of Experiment 3 proposed two possible sources for such inhibitory priming effects. According to the source confusion account, the similarity between the structure of the target and prime impairs tracing their perceptual source. Conversely, the lexical activation account attributes this impairment to a temporary inability to activate stored word frames or same-frame neighbors. The precise mechanism of inhibitory priming effects and their generality across distinct types of CV frames both await future research. Regardless of their source, the observation of such priming effects for targets and primes that differ only in the arrangement of consonant and vowel slots suggests that the phonological representation assembled for such words specifies their skeletal structure, and that this representation further assigns distinct slots for consonants and vowels.
General Discussion
Our four experiments investigated the structure of phonological representations assembled in reading. Specifically, we examined whether readers encode the skeleton, an abstract sequence of timing slots, and whether such skeletal representations assign distinct slots for consonants and vowels. These questions were investigated by manipulating the amount of shared content and structure among nonword targets and primes. Our findings reveal several indications for the representation of CV skeletal structure.
However, skeletal priming was strongly sensitive to the amount of content overlap between the target and prime as well as their structure.
When the same-structure prime and its control differed in the number of segments they shared with the target (in Experiments 1-2), there was no evidence for the unique contribution of structural priming. Priming a nonword target by a prime that shared its structure and content facilitated its naming (in Experiment 1). In contrast, the priming of the same targets by their structure alone (in Experiment 2) was modulated by target structure: CVC targets were facilitated, whereas CVCC and CCVC targets were inhibited. We suggest that the discrepancy between the behavior of CCVC and CVCC targets in Experiments 1 versus Experiment 2 stems from the amount of content overlap between the target and prime. Specifically, the inhibition by same-structure priming for the CCVC-CVCC targets in Experiment 2 may reflect content interference: Because same-structure primes are longer than their CVC controls, they introduce a greater amount of incorrect content. In contrast, identity priming for such targets (in Experiment 1) results in greater overlap of correct content between target and prime. Content overlap can further account for the facilitatory priming observed for CVC targets by identity and same-structure primes, as these primes either introduce more correct content (in Experiment 1) or less incorrect content (in Experiment 2) relative to their CCVC and CVCC controls.
In view of these strong effects of content overlap, Experiments 3-4 sought evidence for structural priming using targets and primes that were matched for segmental length. These experiments each obtained evidence for structural priming. However, this effect was limited to CVC and VCC targets. Furthermore, structural priming effects were inhibitory in nature. Specifically, priming CVC and VCC targets by a prime sharing their CV structure resulted in a decrease in both target and prime naming accuracy in Experiment 3. Experiment 4 replicated this inhibitory structural priming, with participants showing an increase in target naming latency. Because neither same-structure primes nor their controls shared the target's content, such priming must reflect the effect of shared skeletal structure. These structural priming effects must further concern the ordering of abstract consonant and vowel slots rather than merely the total number of X slots. 6 Our findings converge with previous research reporting evidence for the skeleton in speech production. However, our results diverge from these earlier reports in several important aspects. 6 We interpret the modulation of structural priming effects by the structure of targets equated for their X slots as evidence for a distinction between consonant and vowel slots in the phonological skeleton. However, the skeletal structure often correlates with syllabic weight. One may thus attempt to account for our findings by appealing to prosody rather than, specifically, skeletal organization. Syllable weight is expressed by the number of moras. Light CV syllables contain a single mora, whereas heavy CVV and CVC syllables contain two moras. Likewise, CCVC and CVCC each contain two moras. Null effects of structural priming among these word structures may thus reflect their equality in terms of prosodic structure rather than a CV skeleton. However, moraic structure cannot account for the entire pattern of our results. An important characteristic of syllable weight is that it is insensitive to onset structure. Thus, if priming effects were sensitive to moraic structure, then no distinction should have been found between targets that differ in onset structure alone. Contrary to this First, the effect of shared structure in our experiments is inhibitory rather than facilitatory. Second, previous research observed structural priming even for targets and primes that are mismatched in length. In contrast, our experiments provide unequivocal evidence for structural priming only when the target and prime are equated for length. Furthermore, these effects were modulated by target structure, emerging only for CVC and VCC targets, not for CCVC and CVCC targets. Our findings thus raise two questions: (a) why is structural priming confined to CVC and VCC targets? and (b)why are priming effects inhibitory in nature?
We doubt the absence of structural priming for CVCC and CCVC targets is due to participants' selective inability to construct skeletal structure for such targets. We are unaware of any linguistic motivation for the specification of a CV skeleton for CVC and VCC targets and its elimination for CCVC and CVCC words. In fact, despite the null effects of structural priming for CCVC and CVCC targets, our own findings strongly support the representation of their CV skeleta. Recall that CCVC targets exhibited larger identity priming relative to CVCC targets in Experiment 1. Because these two target-prime combinations are matched for their total length, such differences must reflect shared CV skeletal structure. In discussing the results of Experiment 3, we suggested that the absence of (nonidentity) skeletal priming for CCVC and CVCC targets may reflect some limitations of our method or the illegality of multiple clusters in the prime-target combination.
Methodological considerations may also account for the direction of structural priming in our experiments. Our observation of inhibition by shared structure contrasts with the facilitatory nature of structural priming in earlier published reports (e.g., Costa & Sebastian-Galles, 1998, Experiments 3-4; Ferrand & Segui, 1998; Sevald et al., 1995) . However, facilitation by structural priming is not robust. Several studies observed either weak (Costa & Sebastian-Galles, 1998 , Experiments 1-2) or null effects of structural priming (Ferrand & Segui, 1998; Roelofs & Meyer, 1998) even in the presence of content overlap (Schiller, 2000) . The groups of studies reporting positive versus null effects of structural priming seem to contrast on two factors, namely, (a) the use of multisyllabic target words and (b) the use of methods that require multiple overt pronunciations of the prime. Thus, the facilitatory effect of shared structure may be partly due to the contribution of the same-structure prime in syllabic parsing during the construction of an articulatory program, not necessarily during phonological encoding. Participants in our experiments were presented with monosyllabic words, and the overt articulation of the prime was either reduced (in Experiment 1-3) or eliminated (Experiment 4). Under these conditions, we observed an inhibition by shared structure. We suggested that the inhibitory nature of structural priming in our experiments may be due to difficulties in source monitoring or lexical activation. The conflict between the inhibitory and facilitatory consequences of shared structure may further account for some of the failures to observe significant effects of structural priming in some of the published reports (Costa & proposal, participants discriminate between CVC and VCC structure despite their equal weight. Likewise, identity priming effects in Experiment 1 differed for CCVC and CVCC targets. Such differences cannot be handled by a moraic explanation. Instead, they must specifically indicate sensitivity to the abstract organization of skeletal slots. Sebastian-Galles, 1998, Experiments 1-2; Ferrand & Segui, 1998, Experiment 2; Roelofs & Meyer, 1998) . Further research is needed in order to establish the factors affecting the direction of structural priming.
Regardless of their direction, the presence of structural priming effects must indicate the representation of abstract skeletal structure. Our findings converge with existing speech production research in documenting the role of skeletal structure in phonological representations. Our results extend these reports in demonstrating their role in reading. Readers not only are sensitive to the total number of shared slots but are further constrained by their content as carriers of consonants or vowels. Our findings thus suggest that the assembly of a phonological representation specifies a CV skeleton-an abstract ordering of a word's consonants and vowels, regardless of their content. This conclusion indicates a distinction between consonants and vowels in assembled phonological representations (Berent & Perfetti, 1995) . More generally, our findings indicate that phonological representations assembled in reading are structured entities whose organization is subject to linguistic constraints (e.g., Berent & Perfetti, 1995; Gough & Tummer, 1986; Liberman & Liberman, 1990; Liberman & Shankweiler, 1991; Perfetti, 1985 Perfetti, , 1992 Studdert-Kennedy & Mody, 1995 Target   BAF  BEC  PUD  FID  BES  PAB  FOS  BEP  FAM  FAV  BUP  FES  GOF  GOF  BIP  KEP  PAP  FEK  FUB  BIV  GAK  PAF  GEK  FAM  FAF  PEF  FIK  KIB  FIS  PID   FAP  BAP  PED  FUT  MEP  FIP  NID  TUT  GAT  KET  KIP  FET  VIT  PUD  JAP  FOT  KIP  FUP  MUP  MIP  MEP  BAP  FAP  FIP  MIP  KET  DOP  FUT  FUP  MUP Note. Iden. = identity prime; Control = nonidentity control prime.
Note. Same = same-structure prime; Different = different-structure control prime.
